The purpose of this paper is to review the role of the family history in predictive genetic testing, describe how family history taking is practiced in adult primary care, identify the current barriers to appropriate application of the family history, and outline the requirements for a new family history tool for primary care.
T he Human Genome Project, with its many advances in the understanding of the genetic basis of human disease, has fostered hundreds of genetic tests and greatly heightened public awareness regarding the heritable basis of illness. As a result, the patient's family history is taking on renewed importance in adult primary care practice, as a means to assess risk and identify candidates for genetic testing or targeted medical care. In this paper, we review the family history as practiced by the current experts in heritable disease and genetic testing, medical genetics specialists. We also review the role of the family history in traditional primary care preventive practice as well as in the new and diverse applications of predictive genetic testing. We describe the family history as taught and practiced in adult primary care and review the current barriers to improving the documentation and use of the family history by primary care professionals. Finally, we review relevant tools and identify the potential characteristics of a new family history, which could bring adult primary care into the era of genetic medicine.
the National Human Genome Research Institute) recently predicted that the major contributing genes for heart disease, Alzheimer's, Parkinson's, and asthma will be identified in the next 5 to 7 years, 3 observing in addition "virtually every human illness has a hereditary component." 4 Medical care will be changed fundamentally as advances in understanding the genetic basis of disease become incorporated into diagnosis, treatment, and prevention.
Medical Genetics and the Family History
Medical geneticists and genetic counselors are the clinical experts in the use of genetic tests for the diagnosis and management of heritable diseases. Medical genetics professionals rely heavily on the family history as "the most traditional diagnostic tool in clinical genetics." 5 
Robin
Bennett describes the family history as the "gateway to recognizing inherited disorders in a patient.…" 6 In genetics, the family history is defined as the description of the genetic relationships and medical history of a family; when the family history is represented in diagram form using standard symbols and terms, it is referred to as a pedigree. 7 The traditional process of taking a family history in medical genetics involves several steps. A family medical history questionnaire is often the first step in this process and patients may be encouraged to contact relatives to obtain or confirm information. 6, 8 Many genetics professionals also conduct a preliminary telephone interview to assist the data collection process. The face-to-face interview is a critical part of eliciting a family history, with the ultimate goal to obtain a pedigree that includes at least 3 generations. The information geneticists typically record in a pedigree is listed in Table 1 . 6 The taking of the family history does not end with patient questionnaires and interviews, however. Numerous studies have demonstrated that patients' recall of their family history is frequently inaccurate. [9] [10] [11] Many authorities in genetics emphasize that before physicians make testing or management decisions based on the patient's family history, effort should be made to confirm the reported illnesses (e.g., interviews of additional family members, review of medical records, autopsy reports, death certificates). 6, 8 Thus, substantial resources are devoted by the medical genetics team (medical geneticists and genetics counselors) to collect the family history, including considerable time to review medical family history questionnaires, conduct telephonic previsit patient interviews, interview family members, and locate and review family medical records. Bernhardt and Pyeritz surveyed genetics clinics and reported that 3 to 5.5 hours were spent per initial consultation, with over half of this time occurring before or after the actual clinic visit. 12 The medical geneticist's effort to obtain the family history serves multiple purposes, including the establishment of rapport, the education of the patient and family about the genetic condition, and the facilitation of patient decision making. Despite the obvious importance of these benefits, the most important role of the family history is as a tool for genetic diagnosis and risk assessment. 6 
The Family History as the Primary Predictive Genetic Test in Primary Care
The family history has long been recognized as a risk assessment tool in primary care. 13 As new genetic tests emerge, it has particular importance as a means of identifying people with increased risk for genetic disorders or susceptibilities. People at increased risk because of their family history may be among the most appropriate candidates for genetic tests. A traditional screening test is defined by both positive predictive value -the chance of having the disease under consideration if the test result is positive -and negative predictive value -the chance of not having the disease if the test is negative. Predictive value is a function of the test characteristics (sensitivity and specificity) and most importantly of the patient's "pretest probability" of disease, that is, the patient's personal risk of having the illness being screened. As shown in Table 2 , if patients being tested have a low risk of the disease (e.g., 1/1,000), they are likely to be healthy even if their screening test is positive. Thus, the positive predictive value (chance that the screened individual actually has the disease) is only 9/100 when using an unusually accurate test with 99% sensitivity and 99% specificity (far better diagnostic accuracy than typically applicable to most screening tests in use today). In choosing screening tests, the background or population risk reflects the proportion of individuals in but the patient's personal risk may be higher given his or her family history or other circumstances. Therefore, family history can be crucial information increasing the individual patient's pretest probability, and therefore the predictive value of genetic or other screening tests.
The role of family history in the predictive value for screening can be illustrated with colorectal cancer. The overall population risk is approximately 1/1,000 for a 45-year-old. Eight percent of the population have a first-degree relative with a history of colorectal cancer that confers a personal risk of colorectal cancer 2-fold higher than the general population 14 ( Fig. 1) , and individuals with a positive family history also present earlier with colorectal cancer.
14 As a result, the estimated risk at age 40 is similar to that of an average risk person at age 50 ( Fig. 1) . Assuming that the sensitivity and specificity of the screening tests for colorectal cancer (e.g., fecal occult blood testing, colonoscopy) are the same for people in their 40s as for older patients, an argument can be made for initiating colorectal cancer screening at age 40 for patients with a positive family history. 15, 16 Thus, even before consideration of genetic testing, the family history has been important in determining the appropriate use of traditional screening tests. Predictive use of genetic testing may be defined as testing offered to asymptomatic individuals in order to determine their risk to develop the disorder themselves. 7 Determining the predictive value of these genetic tests involves the same mathematical principles as traditional screening tests. Note, however, that the predictive value of a genetic test may be subject to 2 different interpretations. It could be considered the likelihood that an individual with a positive result actually has the gene mutation in question. Alternatively, predictive value can be interpreted as the chance that the individual with a positive genetic test result will develop the associated disease. Medical geneticists address this dual meaning through the concepts of "analytic validity" and "clinical validity." Analytic validity refers to the accuracy with which the test identifies the mutation, whereas clinical validity refers to the accuracy with which the test result predicts clinical outcome (which is a function of gene penetrance). 17 Given the incomplete penetrance of many mutations, the clinical validity of many genetic tests is lower than the analytic validity. 17 These concepts apply to family history as well as to molecular genetic tests; thus, the analytic validity of family history as a risk predictor may be limited by the patient's knowledge about family members; and the clinical validity may depend on such factors as number of affected relatives and age of onset of disease. For many diseases, there are insufficient data to provide precise estimate of the analytic and clinical validity of a positive family history, although it is a well-established risk factor for most common diseases. 18 Family history plays an important role in identifying patients who may benefit from predictive genetic testing. Familial adenomatous polyposis (FAP), in which innumerable colon polyps develop at an early age, offers an excellent example. The population or background risk of FAP is 1/ 8,000; individuals who inherit a mutation in the APC gene causing FAP are estimated to have a risk of colorectal cancer that approaches 100% (see Table 3 ). Conversely, the background population's lifetime risk of colorectal cancer is 5/100. A positive family history of FAP dramatically influences the patient's personal lifetime risk of colorectal This predictive testing scenario must, however, take into account limitations in test specificity. Because of the precision of molecular testing, the analytic validity of genetic tests is estimated to be very high, although for most genetic conditions, the general population studies have not been performed to determine the actual rate of false positive test results (i.e., specificity). If we assume, for the purpose of this example, that the accumulated random or procedural errors related to genetic testing for FAP yield a potential specificity of 99.9% (i.e., a false positive rate of 1/1,000), genetic testing for FAP in the baseline population (where risk of FAP is 1/8,000) would result in a positive predictive value of 11% (Table 3) . That is, despite the high sensitivity and specificity of FAP testing, and the high penetrance of FAP mutations, most of the positive test results occurring with FAP testing of the general population would represent false positives. In contrast, if the same genetic test were conducted on a patient with a positive family history of FAP, the predictive value of the positive test (i.e., the patient's risk of contracting FAP-related colorectal cancer) would be 99.9% (Table 3) . Therefore, the individual patient's family history remains a critical factor in determining the value of predictive genetic testing.
The State of the Family History in Adult Primary Care
Is the family history, as currently practiced in adult primary care, sufficient for the appropriate selection and interpretation of genetic tests?
One can find traditional 20th century medical student education about the family history in DeGowin and DeGowin's classic, "Bedside Diagnostic Examination." 19 In this text, obtaining the family history involves documenting parents' and siblings' age and health (or age and cause of death), as well as a checklist of conditions with environmental as well as hereditary etiologies: "exposure to tuberculosis, syphilis, leprosy. History of hypertension, heart disease, kidney disease, arthritis…mental or emotional disturbances, alcoholism, epilepsy." 19 While one current general medicine text emphasizes that "the key to determining the inherited risk for common adult onset diseases still rests in the collection and interpretation of a detailed personal and family medical history in conjunction with the directed physical examination," 20 current physical diagnosis texts remain inconsistent and incomplete regarding the conditions and approach that should be the focus of a genetically informed family history.
21,22
Family medicine has long emphasized that the primary focus of medical care is the patient in the context of the family. 23 Rakel's "Textbook of Family Practice" has critiqued traditional medicine's "checklist" approach to the family history: "too often…this ritualistic inquiry…[is] no more than a recitation…of diseases…for which a yes or no answer is requested." 24 Recognizing explicitly the time and effort involved in obtaining a thorough family history, Rakel suggests "the family physician usually accumulates a complete family history over a period of time during a series of patient visits." 24 Rakel further recommends that this family history information be presented graphically in a special form of pedigree termed a "genogram." A genogram graphically presents the biological, social, and psychosocial issues in a multigenerational family history. 25, 26 The genogram grew out of the social work and family therapy disciplines; as it has evolved in family medicine, the genogram has become a "pictorial display of the patient's family relationships and medical history," collecting and recording 3 generations of family information in a variety of categories. Traditional pedigree information is presented, but, in addition, the genogram depicts important relationship information such as family members living in the same household, and relationship patterns (for example, close vs cut-off vs conflicted relationships). Functional charting of social and interpersonal relationships is a unique feature of genograms. 25 An example of a genogram may be viewed at the following website: http:// www.aafp.org/fpm/20010300/genogram.pdf. Accessed January 21, 2004 . Despite the longstanding emphasis on collecting family history data in family medicine, and the more recent emphasis on taking a genetically informed family history in internal medicine, evidence from practice suggests that a thorough exploration of the family history may be more the exception than the rule in adult primary care. In 1986, Crouch and Thiedke audited randomly selected charts in a university-based family practice residency, finding that family histories of alcoholism, emphysema, and mental illness were seldom recorded. 27 In a survey by Acton et al.,
63% of family physicians, 74% of internal medicine physicians, and 85% of obstetrician/gynecology physicians reported obtaining family histories on at least three quarters of their patients. 28 A survey of 1,642 physicians in the Pacific Northwest provided more encouraging results, finding that 95% of physicians reported taking a family history. 29 However, other data suggest that the quality and thoroughness of these family histories might be lacking. The Direct Observation of Primary Care study has provided considerable additional information on the use of the family history in family medicine. This study involved observation of 4,054 outpatient visits for 138 community physicians in 84 practices. This work has documented, for example, that family histories were discussed during 51% of new patient visits and 22% of follow-up visits. Genograms were present on only 11% of patient charts. 30 Further analysis has demonstrated a substantial physician-specific variation in the rate of obtaining family history information; some family physicians obtain family histories rarely while others obtain family histories on 80% of visits. 31 
Barriers to Family History Taking in Primary Care
Thus, despite recent teaching on the importance of the family history in primary care, there appear to be significant barriers to obtaining family history information in primary care practice. Acton et al. found that primary care physicians were likely to note "lack of time during visit" as a barrier to genetic counseling. 28 Certainly the time devoted by primary care physicians to obtaining family history information is typically far less than the time suggested by experts in family medicine and internal medicine, and strikingly less than that invested by medical genetics professionals. Current reimbursement policies for primary care may complicate the ability of adult primary care physicians to devote the time and infrastructure to obtaining adequate family histories. In one recent analysis using current guidelines, 34, 35 taking a family history would increase reimbursement for only 1 new patient Evaluation and Management CPT code, 99202, and 1 return visit code, 99213; this action would only increase reimbursement enough to support approximately 10 minutes of physician effort for collecting, documenting, and analyzing the family history. 35 -37 Of course, physicians provide many services for patients for which they are not directly reimbursed. 38 Primary care physicians are increasingly practicing in group practices that are struggling with rising overhead and stagnant or declining reimbursements, however. In these settings, primary care physicians may not be encouraged by their physician partners, nor by their busy patients, [39] [40] [41] to devote the time, energy, and infrastructure necessary for the exhaustive collection and interpretation of family history information. Primary care physicians may also be discouraged by their perceived limited knowledge and skills regarding advances in human genetics. Several studies in Great Britain have shown many general practice physicians do not feel they have the skills to take an adequate family history and counsel patients on cancer risk. 42, 43 Similarly, Australian general practitioners report their knowledge of genetics to be poor and perceive themselves to be inadequately prepared to manage patients with genetic conditions. 44 Even in a highly selected group of general internal medicine, general pediatrics, and family practice clinician educators (participants in the Genetics in Primary Care Faculty Development Initiative), only half reported having sufficient genetics knowledge to incorporate recent advances into their primary care practice. 45 Thus, there are substantial barriers to enhancing family history taking in primary care, including reimbursement policies for primary care physicians, current modes of organizing adult primary care practices, varying patient expectations, and the physician's own knowledge and skills. Physician knowledge can be successfully addressed through educational programs, as demonstrated by the success of initiatives like the Genetics in Primary Care (GPC) program. 45 Overcoming the problem of the time and effort required for collection and analysis of the family history remains a daunting challenge, however.
Family History Tools Applicable to Primary Care
Short of radical changes in reimbursement of primary care practice, new tools will be required to aid primary care physicians in the efficient collection and application of patients' family history in the era of genetic testing. Various paper family history tools are available. 46 As noted earlier, medical genetics professionals and family physicians 31 often use family history forms as an aid to the overall preparation of the family history. In addition, there are various computer-based tools for drawing pedigrees (e.g., Progeny, Genosketch, and others), 6 and family history documentation tools can be downloaded from the internet. 46 − 48 However, having genetics professionals construct the pedigree in digital form, using such tools, does not appear to reduce the estimated 30 to 90 minutes required to collect genogram and pedigree data. 49 Electronic medical records are increasingly integrated into medical practice and numerous examples are available for review on the internet. 50 While some of these represent merely an "electronic chart," providing a location titled Family History for traditional "free text" documentation, others allow the development of family history templates, supporting the longstanding "checklist" approach to taking and documenting the family history. We have found no electronic medical record systems that display the family history graphically as a pedigree or genogram. Thus, most current electronic medical record products do not represent a dramatic enhancement to traditional family history-taking strategies. Currently available tools thus appear to offer little help overcoming the barriers to competent family history applications in primary care. For these reasons, the primary care physician educators involved in the GPC project have emphasized the need for new resources to support the incorporation of genetic advances into primary care practice. A GPC Project workgroup has identified the characteristics of the ideal family history tool (Table 4) . In this group's conception, the patient could perform the family medical history collection and input before seeing their physician. They emphasize that the ideal tool would need to be modified for patient age, gender, ethnicity, and health condition. In primary care, in contrast to genetic consultation, the family history could appropriately begin with "triage" or screening questions, positive answers to which would lead to more detailed family history taking when appropriate to the clinical situation. To be helpful to patients, the tool must be understandable (fitting the patient's language and educational level) and easy to use. It must also be adaptable to multiple media (including paper and internet input). Given the variations in office information systems and record keeping, this family history tool should be compatible with multiple clinical information system applications. Web-based and telephone-based tools for patient entry of genetic risk information are in development, with variable degrees of portability and download ability into physician records. 49 While the "portable electronic family history" is not yet a reality, clearly the technologic capacity is at hand. Equally important would be a clinical decision support function relevant to primary care, to speed accurate interpretation and effective application of family history information. 51 Paper versions of this kind of clinical decision support function are already represented in certain patient-completed forms. 52 Expansion of this approach could include electronic technology 51 and a wider array of conditions relevant to the evaluation of family history in internal medicine and family practice. The application of personal digital assistants (PDA) to "point of care computing" represents another potential revolution that might ensure the effective and appropriate application of electronic family history information in primary care practice. For several years, prediction rules relevant to genetic testing (such as the Gail model for breast cancer risk) have been available through PDA software such as MedRules. 53 These are very specific and problemfocused utilities, providing nothing in the way of recommended actions or advice. More sophisticated applications of point-of-care computing technology are now available, however. For example, the complex cholesterol management guidelines developed in Adult Treatment Panel III (ATP III) are now downloadable into an "Interactive Guideline Tool." 54 This tool allows input of patient-specific information, including family history, and then presents recommended actions based on the patient's specific constellation of risk factors. The Interactive Guideline Tool also provides access to the rationale and evidence base for these recommendations. Advances in the processing speed and memory capacity of PDAs, as well as the development and impending dissemination of new generations of PDAs with wireless internet connection, provide an exciting opportunity for overcoming current barriers in the application of family history information in primary care. Much work remains to be done regarding the development of the patient-derived electronic family history database, as well as guidelines and software for primary care practice applications. Nonetheless, one can envision a future where portable electronic family history data integrated through electronic medical records to PDAs and evidence-based practice guidelines could overcome current barriers to the thorough collection, accurate interpretation, and wise application of the family history in primary care practice. Unfortunately, such tools are years in the future, but primary care physicians must wisely collect and use family history information today. Based on reviews of the medical literature and textbooks, there is presently no consensus on the current best approach to taking the family history in adult primary care. While the approach taken by subspecialists in medical genetics may be viewed as the "gold standard" in authoritative texts, 20 evidence is lacking regarding the cost-effectiveness of this approach in general medical care. Work is ongoing to evaluate new approaches to "screening" questions about family history that can be used to guide primary care teaching and practice. The Centers for Disease Control has recently launched an exciting project to develop a patient-completed family history tool relevant to health promotion in adults, the Family History Public Health Initiative. Until these efforts are completed, primary care physicians must carefully weigh the potential benefits of the family history information obtained with the costs and risks of obtaining it. As with all other case-finding data collection, 13 this judgment will likely vary with the physician's patient population and practice circumstance, as well as emerging evidence regarding the predictive value of genetic tests for common diseases and benefits of riskbased prevention. Most of the authors find organizing family history information graphically in a pedigree or genogram format most helpful. Some have had success with family history questionnaires as well.
CONCLUSION
Advances in our understanding of the biology of human genetics have been startling and pose tremendous potential for benefits to clinical practice. These advances also pose enormous challenges and considerable risk of harm to patients. These risks include costly and unnecessary testing, needless anxiety, and inappropriate and possibly hazardous therapies. Furthermore, as medical genetics professionals well know, genetic testing can significantly affect family relationships, lifestyle choices, and reproductive decision making. While genetics professionals are well trained to apply family history information and genetic test results wisely to further individual and family well being, the number of these professionals is woefully lacking. Compounding this problem is the ubiquitous applicability of advances in human genetics. "All patients have genes"; therefore, an increasing proportion of clinical decisions will require the integration of family history and personal genetic risk information, not only for screening and diagnosis, but therapy as well. Clearly, 20th century teaching and technology for the family history will be inadequate to ensure that patients derive the full benefits from advances in human genetics. Radical new resources and approaches to the application of family history will be required in the coming years.
